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ABSTRACT

Focussing on the standard electroweak model, we examine physics
issues which may be addressed with the help of intense beams of
strange particles.

INTRODUCTION

I was assigned the topic "issues in the standard model," in so
far as they are relevant to high intensity sources of strangeness.
It is not really clear what is meant by the "standard model" in this
context, and, obviously, one of the most important issues in the
"standard model™ is testing it--in other words, looking for
non-standard effects. So I have collected miscellanyv of issues,
starting with some philosophical remarks on how things stand and
where we should o from here. I will then focus on a case
study: the decay K +ﬂ++nothing observable, which oprovides a nice
illustration of the type of physics that can be probed through rare
decays. Other topies I will mention are CP viclation in K-decays,
hyperon and anti-hyperon physics, and a few random comments on other
relevant phenomena.

PHILOSOPHY

One might claim that things have never been better 1in high
energy physics. We have finally achieved a longstanding goal: The
elaboration and successful testing of a renormalizable theory of the
weak, electromagnetic and strong interacticns. We even have
indications, specifically the value of the neutral current parameter
sinzew, that these interactions are unified in a "grand”
renormalizable theory. (The response to all this success is, of
course, that renormalizability--the erstwhile holy grail--is no
longer "in," and many theorists are now working on non-renormalizable
theories!)
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One may alsc argue that things have never been worse. No cne
believes that the above theories provide the ultimate desecription of
nature. We want to solve the gauge hierarchy problem, understand
fermion masses, superunify, find quark and lepton substructures...the
problem is that we have gotten ahead of ourselves. There are no data
to guide wus along these roads--not even monopoles, and as yet few
decaying protons. This leaves the way open for wild speculation,
which is fun, but dcesn't necessarily represent progress.

We clearly need to probe energies higher than those presently
accessible in the laboratory. The standard attack in this direction
is three-fold:

1) Cosmology. The Big Bang provides the highest energy
laboratory around, but the data are not always easy to interpret
since they came from a single event in experimental conditions not
controlled by us.

2) Let E_ -+w. In real 1life, of course, infinity will be
replaced by somd practical cut-off A which is possibly 10's of TeV,
but not many orders of magnitude morBh

3) Precision measurements at ™low" energies: <<A ., The
prime example of this approach is the proton decay s%arch fhich we
believe probes energies up to 10'* or 10'% GeV. As an example more
relevant to this workshop, suppose there were a direct "generation
changing"'" interaction mediated by a boson of mass m and coupling
with the usual semi-weak strength. Depending on the granchlng ratios
accessible, rare decay searches might probe beyond 10's of TeV, as
can be seen by parameterizing some typical branching ratios in terms
of m :

X

B(K ue) ~10""2(100 Teme)u
B(KL+nGue) ~10"2(170 TeV/mx)u, (1)

B(Z*pue) ~1o“7(Teme>”

There are, in addition, still things to be learned about physics
at more modest energies. For example, we still don't know how to
caleulate low energy hadronic matrix elements. Perhaps the
confinement/lattice theorists will resolve this difficulty, but new
experimental input could certainly be of help. Can high precision
measurements and studies of rare processes instruct us con this issue?
We are satill in the dark concerning the origin of CP violation. Will
experiments eventually reveal some small deviation from the superweak
predictions?

In discussing these questions in more detalil, I will adopt for
the most part a desert scenario. The justification for taking this
desclate view point is that it provides a well defined yardstick for
gauging the experimental accuracy we should aim for. The point is
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that even the desert has some cases. As we let E A , we have
still (maybe?) to uncover the top quark, for exampkg? afi we still
have no experimental c¢lue as to the nature of spontanecus gauge
symmetry breaking. There i3 a sort of "unitarity limit"! of about a
TeV associated with the standard electroweak theor‘y:2 we must find
some evidence for scalar structure at an effective center of mass
energy of a TeV or less. The advice I would give to high energy
planners ist aim for the hardest thing to find, namely the detection
of a "minimal model" Higgs boson in a mass range up to the TeV level.
Then you are bound to find something, and hopefully vyour data will
reveal a much richer structure.

By the same token, in thinking about high precision
measurementsa: aim for those tiny effects predicted in the minimal
model. If you can measure them, you will in any case learn
something, and you wmay indeed uncover wmore interesting unexpected
phenomena.

Kty nothing

Following the above line of reasoning, the special interest of
this decay mode is that we {almost) know it's there. The minimal
model with three generations of fermions predicts a branching ratio

e

BK T+ V) = 0.7 x 10'10!1-xtr“, (2)
where x is the top quark contribution: xt=o corresponds to the
estimate’ for the GIM 4-quark model," and
/m)

m \2 1lnf{m /r
. t
X =00
e in{m~/m"~)

(3)

L ME N
[SIN Y T V)

in the K-M 6-quark model.’® Here and elsewhere we use the formulae
valid for m _<<m , which may not be a very good approximation, but it
simplifies Ehe Jiscussion and does not significantly affect the order
of magnitude astimates we are after.® In Eq. (3) we have introduced
the parameter

* »
- I
8, = (8,,8.,)/(8, 8. ), (4)
where the Bi. are the relevant elements of the K-M mixing matrix.
Since mt>20 dev {we take everywhere mc:1.5 GeV),
2, 2 2,2
ln(mt/mw)/ln(mc/mw) s 1/4 (5)

and from the observed rate for X, *uu Shrock and Voloshin’ derived an
upper bound which can be expresséd as:
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8, me/mS| < 25. (6)

Recent refinements®?? give a slightly smaller value, but I prefer to

be conservative here since all estimates are rough. The main
uncertainty is in the real part of the intermediate 2-y contribution
to K -uu, although if supersymmetry is valid at relatively low
energles (hundreds of GeV), there are apparently cancellations!®
which can invalidate!! the bound (6) altogether. I shall ignore this
possibility in the subsequent discussion. By using all available
data including the X -K_ mass dif‘f‘erence,12 it is possible to bound?
[1-%.| from below. HoweVer I prefer not to use A as a constraint,
since there are well xnown uncertainties assoeiated with this
analysis. I don't think that one can exclude with certainty at
present the possibility that x_=1, but I consider this perversion of
nature as rather unlikely. It would require rather smaller mixing
angles than we expect:

8, < (0.15)2 for m

. . > 20 GeV, or

2 -
Gt = (0.088)" for m, = 35 GeV.

Since @& is related by the unitarity of the K-M matrix to the
parameters governing b-decay and wv-induced ¢~ and b- production,
precise measidrements of B lifetime and branching ~atios, and
v-induced mult-lepton events should be able to yield!?’!® reliable
lower 1limits on [8,! and |1-x_ | which are independent of the
uncertainties inherenE in the analysis of Am,.

What do we learn from a measurement of %he decay K+*w++ nothing
observable? If we know m_ and &_, this decay provides the cleanest
available test of weak radiitive corrections within the context of
the standard model. Alternatively, accepting the theory as correct,
A measurement of the decay rate provides aan independent constraint on
the parameters m, and 9 . Finally, if we believe the standard model
calculation and have sufficient outside constraints on m,, ©O_, the
decay can be used to probe for new physics. We list some examples.

- Flavor changing currents: A direct decay mediated by a heavy
boson of mass My would have branching ratio

m

- - o)
B(K++1T+\Je\)u) = 10 10(:5’-13—!)“, (7)
X

allowing perhaps a probe of masses up to about 25 TeV.
- Neutrino counting:® 1If there are N light {m <<m,) neutrinos
with the usual weak couplings {(and associated leptons o§ mass mLsmw;
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for m >>m  only Z°—exchange contributes and the formula is modified,
bgt E e_order of magnitude is similar) then the branching ratio for
XK »m +vV is, from Eg. (2)

] N
z BK vt euD) = gi (0.7')|1-xt|2 5(—3) 5 x 1077 (8)
Vetypes

where we have daed the bounds of Bgs. (5) and (8) to get

Thus a measured branching ratio exceeding 4 “ew x107? zould be
interpreted?® as signalling more than three generations of fermions.
Alternatively, once we know sufficiently well the parameters 8, and
m,_ 80 as Lo bound the decay rate per neutrino from below, a
measurement  of K +ﬂ +VV Wwill provide an upper bound on the aumber of
neutrinos, Wwithia the context of the standard modei.

- Yﬁlt”lﬂo nassess The branching ratio for the cascade decay
gm0 ’ LA AVIVEE P given by

- o\ 2172
B (K>ntr® ) = 3.5x1o"13<m—"f) 1- (m—g) i (10)
YY) m

This braaching raiio exczeds 10 '° if there is a neutrino (e.g. vT)

with the usual neutral current ocouplings in the mass range
m -(90- 2) a2V, This decay is signed by a monochromatic i

-~ Kt +funnies, where the "fanales™ are exotic, neutral,
non-interacting particles. These could be, For example, a single
spin-0 particle or a pair of fermions. This type of decay mode is
really the province of the discussion by Wilczek.!® T shall comment
only on non-neutrino fermion pairs wnich are axpected in
supersymmetric {susy) theories. Some models entail a photino Y--the
fermionic susy partner of the photon--which is very light.
Caleulations'* show that For squark {secalar opartners of quarks)
masses abova 20 32V [%ha  present lower limit on  siaepban=(sealar
partner of lepton) masges T3 {(16-19) GeV] the branching ratio i3

10

B(x™»nt9g) ¢ 107 (11)

except [lor G40 special casesa. The first of these exceptions is a
photino mass range m_=(2-65) MeV, for which with not-too-heavy
squarks cone gets, via tqe cascade decay

K+~>-1T++1i , (12)
YY
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a rate competitive with K*>n*v9. As for the cascade decay to
neutrines, (12) is signed by a monochromatic . A second exception
is the (currently most popular) class of models in which squark
masses arise through radiative corrections, If we use a
phenomenological Lagrangian, with a "soft" tree-level susy breaking
squark mass matrix, the amplitude for K++ﬂ+?? is logarithmically
divergent,!® the cut-off being provided by the susy breaking mass
scale. In such a scenario the decay rate can be quite large,
depending on how far one is willing to push up that scale,

I do not believe that photincs will be sufficiently light to be
decayed into by K's in such a scenarioc. In fact I do not personally
believe that--even if supersymmetry is relevant to physics--photinos
are sufficiently light for this decay to occur in any scenario. What
I do believe in is the importance--short of detecting susy partnera
of ordinary particles--of excluding their existence in whatever mass
range is available to experiment. While there is no evidence as yet
that supersymmetry is relevant to nature, there is very little
evidence against it--an example of the the free rein for theoretical
speculation which I alluded to above.

To summarize this case study, there are three possibilities.
1) The branching ratio for Kr>mte "mothing" is found to lie in the
range 10 1°-107%, A precise measurement allows a test of radiative
corrections within the minimal model and/or a measurement of the K-M
mass matrix parameters. 2) The branching ratio far exceeds 10”2,
This signals new physies. It's interpretation 1lies with the
discretion of the reader, but in any case the result is exciting.
3) The decay remains undetected at a level below 10°'° in branching
ratio. This presumably also implies new physics but will be no more
helpful than, for example, the lack of detection of proton decay. I
optimistically consider this last possibility as unrealistic.

CP VIOLATION IN K-DECAYS

There is no question that precision measurements in the decays
K, ~*2m are highly desirable. They will 1) further constrain
détiations from CPT invariance, a fundamental symmetry of the local
Lagrangian theories which we take for granted, and 2) hopefully
reveal a small deviation from the predictions of the "superweak"
model, in which all CP viclating effects are in neutral meson mass
mixing parameters. In discussing these effects I shall follow the
dictum outlined above: ask what are the tiny effects expected in the
"minimal model." If we can detect these, we can also detect grosser
deviations from them, and so we are sure to learn something.
Furthermore, I shall argue that if we analyze the data within the
context of the minimal model, insofar as CP violating effects are
observable at all, their measurement can shed 1light on the still
ill-understand dynamics of weak interactions, and, in particular, on
the persisting mystery of the |AI{=1/2 rule.

In the present context we understand as the "minimal model" the
so-called K~«M model of CP-violation in which CP violating phases



7=

Appear originally in Yukawa couplings of fermions to the Higgs
particle, and, upon diagonalization of tha fermion mass matrix, are
31iThad  ho the oharged current (K-#M) coupling matrix. As is well
known, in this model observable CP viclating effecis require the
existence of at least thraze generations of fermions. As a result,
any observable CP violating effect must know about the presence of
b,i quarks. To lowest order in the weak intersactions, such effects
occur oniy tarougn "penguin" diagrams. Here we designate as "penguin
diagrams” the generic class of diagrams in which the transition d+§
occurs along a quark Line in a bound quark (hadronic) systam via W™
exchange with the intermediate {u,a,%) quark system interacting with
oth=r bound quarks through gluon exchange. Within this picture we
can  roughly  parameterize the "direct® (as apposed Lo superweak=mass
mixing) CP-violating contribution to a decay amplitude by:

2
m
InA . - . t
Rel foG =t 3,93 sind 1n m2 ’ {13)
C
where [ ceprasancd the fractional coanteivubion of denzuin diagrams

to the process considered, and 8., 3,=3in6,, and § are parametars in
the K-M matrix. The combinatiofi of paraméters in Hq. (13) (where we
have assumed the validity of a1 s3mall angle approximation} can be
axprassed, for example as:

»
3233 sind = - Imesc = ImGt . (14)

Because penguin diagrams involve an s»d transition with I-spin
conserving gluon emission, the CP-violating phase arises only in
|AI1=1/2 transitions. This leads!”’!® to a phase difference between,
for example, the amplitudes for I=0 and I=2 final states ia X"»27.

The superweak contribution to CP violation in neutral kaon decay
arises from a X°+E% term in the neutral kaon mass matrix. The CP
violating parameter can be expressed as!’

ImAmpl. (Koﬁo) .
= = 2323331n6 1n

Em Am-K

-1"8 1 (15)

| I =]
Q TN

= 3
e I\]lﬂ "y

using Lihe same approximations® as before. For the denominator we use

the original estimate? of in a 4-quark flavor model, simply
because this gives the right answer to within 30% for m_=1.5. For the
numerator, the free quark  model estimate is a reasonable
approximation except for the uncertainty19 in evaluating the matrix
elemant between kaon states of the effective quark operators. This
gives an uncertainty in an overall multiplicative factor of order
unity. Further strong interaction corrections?® wmedify by rfactors
3{1) the coefficients of the various terms in brackets in Eq. {15).
Finaliy, %12 quantity relevant to experiment i[s not Em but



-8=

= — r ~ -
'/ra €m + 5 2% 10

)
2r,I=0 (16’

where £ TI= is the CP-violating phase in the decay of K" into an
I=0 dipiod sEate. 1In the commonly used Wu-Yang convention this phase
1s set equal to zero and € is redefined by the shift (16). This
gives an additional ({smil12°%) change in the coefficient of the log
term Ln (15). For the sake of order of magnitude arguments I shall
use (15) as is without corrections. The point I wish to make is
simply that since

In{ — ]> 5 for m > 20 3eV, (17)

tne bound {8) tmplies that the log term in {15) contributes at least
a fifth of the total magnitade. Thus we expect

[xdl = {0.2-1) %5 € = {0.3-1.4) x 10_3 . (18)

In other words we expect deviations from superweak thzory to occur at
a level

leoxgl 1074 (19)

which is the level of detection experimenters should aim for.

Twc alternative optimal scenarios would be: a) Direct CP
viclating effacts 4re found at a level considerably larzer than 1073,
This would suggest thal the sbtandard K-M model is incorrect and
gignal new physies, fun and excitement. bH) Effects at the expected
level of 10°* are measured. When m_ and the X-if angles s_,s are
determined Iadependently, the parameters f_ and § can be extracted
From the analysis of 2P vinlaking phenomena. This will have the
bonus of determining the importance of penguins and perhaps
contrivuaie to oar understanding of non=leptonic decay dynamics.

But alas, as we s=e below, measurable effects which are
proportional to fo tend to be suppressad by other factors.

The most promising place to look for a deviation Trom  superweak
theory 1is still 1in the Ki +27 decay. In this processes the
deviation i3 characterized by‘ﬁée parameter £':

L1 A(I=2)
le'| = 7 e X, =5+ | ! (20)

= Lor x
P§ A(I=0) 25 "p’§
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where the last factor includes the measured suppression of the I=2
final state relative to I=0. The present experimental limit is
usually quoted as

F— 1 g

= (21)

U’Il-—t
o
-

while the above analysis suggests

U’!I"’J
ol

o~

X
$
. -2), (22)

M| -

30 we expect the next round of experiments to show a non-zero effect,
thus providing information on f_.

For K+3m, the amplitudes are completely determined in terms of
the (real, by convention) amplitude for K-27(I=0), using the AIz=1/2
rule and chiral symmetry. Thus "direct" CP violation can arise only
to the extent that one cof these is inexact, and we expect effects no
larger than 10 ! f_ x, < 107%,

Rare XK-decays which can proceed only via higher order processes
with internal quark loops can have a relatively enhanced
CP-violation. Unfortunately the decay rates for the interesting
cases are eﬁcegdingly small. For example, the measured branching
ratio for K *7me e agrees fairly well with the (somewhat
questionable in this case) estimate using free quarks.3 The same
model gives?’!’?

F(K1+ﬂoe+e-) = (Kt+rtete™),

r(K2+n°e*e‘)

1t

E!

= X = (0.2-1) e/v/2 (23)
Tee P(K1+noe+e') 8 ’

i.e. a fairly large €'/€ ratio, but the expected K
from the direct decay is only:

L branching ratio

B(K2+ﬁ0e+e_) ~ (1-5) x 10" ¢ . (24)

Similarly, the (here more reliable) quark model estimate gives ?*!?
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F(K1+ﬂ0v$) = T >t

D - 2 2
o i F(K2+ﬂ vy} .. TE Lq(m /mt) 1 )
- - 2
ﬂovv (K +ﬂ0vv) m2 ln(m?/mz) [ln(mzfm‘}-1-9 ]
1 c s £ e t
1
€n0v5
— = (1-10) (25)

where the optimistic factor 10 assumes x, = €//2, m_ = 35 GeV. Even
in this case, the X VY branching ratio i3 not expected to exceed
10713, 9f eourse K {o interference effacis will he very gronounced
in these decays. A&l oge needs is to make a beam of 10! KS per
pulse!

T 1list thsse numbers Lo show where minimal expectations lie. I
leave 1t as a challenge to experimenters to attempt to measure such
tiny affects, and to theorists to think of something better.

HYPERON DECAY

I submit that not much can be learned by improving experimental
preclsion on non-leptonic decay amplitudes (aside from phases). I
suspect that the present experimental errors a4re smaller than any
concelvable accuracy theorists will ever achieve in caleulating these
amplitudes,

There is however 3ome interest in improving accuracy on
non-leptonic decay parameters. One would 1like to study 3SU(3)
breaking corrections to the Cabbibo model and improve 1limits on
daviations Tron Lt such as the presence of right-nanded currents.?
There is in fact a reported discrepancy?? in I +me”V_ which is yet to
be resolved. @

Studies of radiative Jecays might contribute to our
understanding of non-leptonic decay dynamics. Experiments show a
large SU(3)-forbidden asymmetry (with large errors) in the decay
z* +pY, and improvaed precision is needed to celarify this issue., A
concerted study of the wvarious radiative decay modes, including
77y, E%Ay, %, A+np, would address the issues of "long distance"
decay dynamics (penguins and all that) because the short distance
contribution, i.e. the magnetic traansition d=#s+y, 1is highly
suppr=ss=d by helicity conservation of gauge couplings. 4 word of
warning however; Gthe Dbaryon pole contr-lbutlon§ whichh measures
directly the weak B*B' transition, iz not expected2 to dominate over
direct 2mission contributions 1in charged hyperon decay, and the
limited data available?* suggests that the same 13 Lruz  Tar neutral
nyperon radiative decay. So interpretation of the data may be less
than straightforward.
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Finally, one can look for time reversal viclation?® by measuring
the relative phase between s« and p-wave amplitudes. A deviation
from the phase difference arising from strong rescattering in the
final state is a sign of T-violation. Again one would want to aim
for an accuracy of better than 10 % in the measured phase.

ANTI-HYPERON DECAY

Comparison between hyperon and anti-hyperon lifetimes provide a
test of CPT but this is unlikely to be competitive with tests
provided by T _t+ and especially by precision measurements in the
neutral kaon systen.

While CPT invariance requires equal total decay rates for
hyperon and anti-hyperon, CP vioclation can induce differences in
partial rates if there is more than one open channel and if these
communicate wvia streong interactions. Thus for Y-NT there are two
final state channels 1=1/2, 3/2, which are eigenstates of the strong
S-matrix, while the specific charge modes (e.g. nm’, pm ) are not.
Then one gets a decay asymmetry:

gy o DOONM-T(INT) sind siné 21855118, 5l (26)
- 2T (Y+Nm) 1A 12+IA I2
3/2 1/2
where 3 1/2 is the difference bhetween strong interaction phase
shifts in ége f =3/2, 1/2 final states and é&=¢ is the

difference in CP violating phases. In the stan&é d é ﬁ model we
expect

- 1¢(B)
= lfp

= O, xsl (27)

®3/2 194,01

(B)

where f is the fractiggal importance of penguins in baryon decays
(generalfy unequal to , but presumably similar in order of
magnitude). Nete that in addition to¢ non-vanishing ¢ and 8, an
appreciable effect depends on A1/2 3/2 having similar strength.
Herein starts the difficulty.

For?® A+Nm, the AI=1/2 rule suppresses the I=3/2 final state;
from experiment

| A 0.013. (28)

372’8120 =

For the decays I+Nmw both I=3/2 and I=1/2 final states are allowed by

the AI=1/2 rule. However for p-waves the near vanishing of the
L »n7 amplitude tells us that

&, . /4 !

372"%172" s(p-wave) = 9+0°: (29)
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In addition we expect 8<<1 for p-waves. For s-waves the strong phase
shift § ocould be appreciable, and we know that /2 I~1A / fe

However, if one believes that as-wave baryon decays arg OOPPQLELf
JPSLPLbed by sof't pion theorems, then the amplitude for DAETY A » Which
is & 2ce¢ifie 1linear combination of 1I=z1/2 and 3/2, vanishes
seEaratqlz for pangalin and the AI=1/2 part of non-penguin

contributions. This means that

(3/2) _ (1/2)
fP = fP (30)

up to violations of AI=1/2 and/or the soft pilon limit. This in turn
implies that A1/? and A3/7 have aqual phases to the sane
approximation: ” o

= 0(10-1F(Z)x6) < 10'” (31}

) °P

(¢3/2‘¢1/2 L(s-wave)

Again, however, if effects as small as (31) could be detected,
their measurement could contribute to our understanding of the decay
dynamics. I close this section with the same challenge to theorists
and experimentalists as above.

RANDOMONIA AND CONCLUSION

There i3 a strong theoretical prejudice that the Higgs scalar of
the minimal electroweak model must have a mass

ay > 10 GeV. (32)

While well founded and highly plausible, the bound (32) is not a
~igarous theorem. To my knowledge the experimental bound is still

g > 15 May, (33}

A search?® for

i3 on the edge of ruling out m_ <2 m_, but the branching ratio glx10”8
is not quite conclusive.?7 Studies of



-13-

0 + -
Tee

0 + -
K >
KL TU U

0
oYY

at a branching ratio level of 107!9-107'! would eliminate with
certainty the possibility that m <2m“.

The decay K_-+upy should be competitive with K +uu as it is lower
order in a although disfavored by phase space. "It could provide a
laboratory for studying the u* 'y~ bound state.?®

Finally, it has been suggested?? that we should not 1limit our
considerations to weak 1interactions,; and that, for example, a
precision measurement of fixed angle K-N scattering (at more than
"medium" energy, however) could provide nice QCD tests.

I will simply conclude by arguing that there is a good deal to
be learned from high intensity sources of strangeness. T leave it to
the reader to judge whether the levels of precision suggested by the
"standard model® issues are attainable and/or desirable.
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